A conclusive demonstration has been provided that the nature of the shear-thinning, that affects both film thickness and traction in EHL contacts, follows the ordinary power-law rule that has been described by many empirical models of which Carreau is but one example. This was accomplished by accurate measurements in viscometers of the shear response of a PAO that possesses a very low critical stress for shear-thinning and accurate measurements in-contact of film thickness and traction under conditions which accentuate the shear-thinning effect. The in-contact central film thickness and traction were entirely predictable from the rheological properties obtained from viscometers using simple calculations. These data should be invaluable to researchers endeavoring to accurately simulate Hertz zone behavior since the shear-thinning rheology is extensively characterized and accurate in-contact data are available to test. In addition, a new model has been introduced that may be useful for the rheological characterization of mixtures.
Introduction
The search for an accurate statement for the constitutive behavior of a liquid lubricant under conditions of high pressure and high shear stress has occupied a great portion of the research effort in the field of elastohydrodynamics for more than 30 years. However, an accurate working description of the steady shear rate (or stress) dependence of viscosity, known as shearthinning, was available early during this period from the pioneering works of such people as Dyson [1] and Hutton [2, 3] and Winer [4] . The generalized viscosity, g, was known to approach asymptotically the low shear viscosity, l, as shear rate, _ c, (or stress, s) was decreased through a terminal regime. For high shear rate (or stress) the relationship between viscosity and shear rate and shear stress followed a power-law [1, 2] ,
where for shear-thinning 0 < n < 1. This power law regime was sometimes followed by a second Newtonian with viscosity, l 2 , approached asymptotically from above with increasing rate (or stress) [4] . This was a description obtained from volume at p = 0, m 3 m occ occupied volume, m 3 p pressure, Pa K 0 bulk modulus at p = 0, Pa K 0 0 pressure derivative of bulk modulus at p = 0 r dimensionless contact radius *To whom correspondence should be addressed. E-mail: scott.bair@me.gatech.edu rheological measurements performed in viscometers of various types.
A second description of shear-thinning evolved within the EHL community at about the same time. Bell and coworkers [5] adopted the single flow unit form of the Hahn-Eyring model for thixotropy [6] for their description of shear-thinning by ignoring the stress induced transformation to Newtonian behavior. This results in logarithmic dependence of s on _ c at high rates. Eyring specifically rejected this adaptation of his model [7] , but the greater portion of the EHL community followed the example of Bell. The most influential work is that of Johnson, [8] for example.
The purpose of this paper is to conclusively demonstrate that the nature of the shear-thinning within a lubricating film in a concentrated contact follows the ordinary power-law form that has been described by empirical models [9] that bear the names Carreau, Carreau-Yasuda, Ellis, Cross, Spriggs, Ferry, Rabinowitsch, and Ree-Eyring [9]. This will be accomplished by calculating both film thickness and traction from the measured nonlinear shear response of a liquid with a low critical shear stress for shearthinning. In addition, a new model is offered that has similar properties but may be more useful for the liquid mixtures that are blended to form practical lubricants. It is hoped that this demonstration will convince the EHL community that continued modeling of shear-thinning as logarithmic will not advance the field. This goal is made all the more important by the recent development of accurate non-equilibrium molecular dynamic simulations [10, 11] that can investigate the shear response of liquids which have not yet been synthesized under conditions that can not yet be attained with viscometers.
The conditions for the present experimental measurements were selected to enhance the effects of shear-thinning. Rheological measurements were performed at the Center for High Pressure Rheology at Georgia Tech and contact measurements of film thickness and traction were performed at the Laboratoire de Me´canique des Contacts et des Solides at INSA de Lyon, thus combining what are believed to be the best available capabilities for measurements in and out of contact.
Rheological measurements
The experimental liquids employed in this study are all polyalphaolefin, PAO. First, the PAO-650 was one of a series of very high viscosity PAOs received from Mobil Corp. This liquid is the subject of the present film thickness and traction study as well. The PAO-100 was studied previously for the effect of shear-thinning on film thickness [12] . The PAO-40 is a product of Exxon-Mobil known as SHF403.
The low shear viscosities of these liquids were measured in falling body viscometers using applied shear stress of s ¼ 33 to 65 Pa and are listed in table 1, along with the pressure-viscosity coefficient defined as
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